Freshwater fishes are one of the nutritious food sources for many people, especially in Indonesia including in North Sulawesi. Other than its protein, the fish oils have an important source of specific energy as well as a nutraceutical in our lives. Some fatty acids, especially omega three fatty acids have been known for their functions in the prevention of some artery diseases. However, there is not so much information available about the composition of fatty acids in the freshwater fishes. Therefore, the purposes of this research are to determine the presence of fatty acids and their composition in the freshwater fishes. The fish samples, including tilapia (Major), carp (ikan Mas), catfish (lele) and snakehead (gabus) have been collected from various parts in North Sulawesi. Fatty acids were identified using standard fatty acid mix and then measured for their concentration using gas chromatography technique. It was found that the main fatty acids were successfully identified based on their abundances: concentration of oleic acid from 27.2% for snakehead to 42.2% for catfish, concentration of palmitic acid from 22.3% for carp to 26.9% for snakehead fish and concentration of linolenic acid from 11.9% for snakehead to 22.5% for carp. Among the freshwater fishes, the snakehead fish showed a unique fatty acid composition where docosahexaenoic acid (C22:6, DHA) was found in higher concentration.
INTRODUCTION
Fish is generally used as one of the important sources of protein and lipid in human nutrition in Indonesia and particularly in North Sulawesi. The fish consumption in North Sulawesi (48 kg/cap/year) is one among the five highest consumptions in Indonesia with the average of 39 kg/cap/year (Indonesian Ministry of Marine and Fishery, 2017) . Although the seawater fish is the main important resources for the people in this area, freshwater fishes consisting of protein and lipid sources with their availabilities in one year without any particular break have not been studied so far. Moreover, the sea water fish supply is sometimes lower during certain weather conditions (such as at moonlight days or heavy windy seasons) while the freshwater fish supply does not depend on the weather conditions.
The role of lipids in human nutrition is not only as the source of energy, but lipids are also very important to maintain the human body. The information on fatty acid composition is highly required due to their important functions in human health. For example, polyunsaturated omega three fatty acids such as EPA (eicosapentaenoic acid) and DHA (docosahexaenoic acid) have a prevalent impact to prevent atherosclerosis diseases and can improve the human brain activity and eye visuality (Kaur et al., 2014) . Recent studies showed that EPA alone can reduce triacylglycerol and lowdensity lipoprotein cholesterol as well as prevent the artery inflammation (Singh et al., 2014) .
The fatty acid composition of the fish oil is varying from their species, food supplies and the other environments conditions such as water temperature and pH (Fallahab et al., 2013) . Therefore, the composition of fatty acid will be varied from time to time and from one place to the other place. The fatty acid from various organism products is generally analyzed using gas chromatography method. Various reports for fatty acids in seawater and freshwater fishes have been reported such as sea water fishes (Ozogul et al., 2009; Pratama et al., 2011) , fresh water fishes (Ngadiarti et al., 2013) and both sea water and fresh water fishes (Mohanty et al., 2016; Sorin et al., 2013; Toyomizu and Tomiyasu, 1962; Vlieg and Body, 1988) . Until now, the information on the fatty acid composition of freshwater fish in North Sulawesi has been very limited. There are several publications about freshwater fish, including catfish and carp (Ngadiarti et al., 2013; Mohanty et al., 2016; Sorin et al., 2013; Toyomizu and Tomiyasu, 1962; Vlieg and Body 1988) . One of the publication is related to it processing for fermentation process (Ngadiarti et al., 2013) . Therefore, it is important to perform some research about the fatty acid composition in various fishes popularly marketed in North Sulawesi.
EXPERIMENTAL
Sample fishes were collected from various parts or areas in the province of North Sulawesi. The fish samples have 4 types; tilapia (mujair, Oreochromis mossambicus), carp (ikan mas, Cyprinus carpio), catfish (lele, Clarias gariepinus) and snakehead (gabus, Channa striata). Three fishes were then collected for each species fresh after cached from the ponds. Samples were stored in an ice bucket for transportation to the laboratory prior to the analysis. Fish samples were cleaned from the skin and bones, and the meat was
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minced. About 30 g of minced meat was weighed and the oils were determined and followed by modification using a Bligh and Dryer method (Bligh and Dryer, 1959) . A 30 g of minced meat sample was blended with a mixture of 60 mL methanol and 30 mL chloroform. After blending for 2 minutes, a 30 mL of water was added and blended for another 30 seconds. After that, a 30 mL of water was added again and then blended for another 30 seconds. Samples were filtrated and the desired samples were dried in a rotary evaporator at 40 ºC. Dried samples were placed in the aluminum foil and then wrapped the bottles for sample preparation in the freezer until the analysis procedure. Lipid content was determined based on the weight of dried extracted lipid by the weight of the fresh sample. Water content analysis was prepared using a 3 g of fresh meat dried in the oven at 105 ºC for 24 hours. Water content was then calculated based on the dried samples to the fresh samples.
Sample derivation
Sample preparation for analysis using gas chromatography was performed according to the following method in our laboratory procedure. Typically, a 50 mg of extracted oils was measured in a 5 mL of sample bottle and added to 1.5 mL of 0.5 M sodium hydroxide (NaOH) in methanol. The mixture was heated to 100 ºC for 5 minutes. After performing the cooling, boron trifluoride (BF3) in 12% (2 mL) in methanol was added and followed by heating in 100 ºC for 30 minutes. After cooling procedure, 1 mL of hexane was added and settled. A 5 mL saturated sodium chloride (NaCl) solution was also poured into the mixture for the separation purpose. The top layer consisting of fatty acid methyl ester (FAME) was collected for GC sample analysis. Figure 1 shows the process from the sample preparation of fishes until oil extraction and determination for fatty acid derivatization and gas chromatography analysis. 
Gas chromatography analysis
The fatty acid methyl ester was analyzed using Shimadzu GC-2014 with a flame ionization detector. This GC was equipped using RTX wax column with 30 m in length, 0.25 mm in diameter and a 0.25 m film. The injection was performed in a split mode 1:10 and the injection port temperature was set at 240 ºC. The oven temperature was programmed at 120 ºC for 7 minutes and then increased up to 240 ºC with 10 ºC/minute increment. The temperature was kept at 240 ºC for 15 minutes. The detector was used at a temperature of 300 ºC. The Helium gas was set at a flow of 3 mL/minute with a pressure of 100 kPa. A 1 L of the sample was injected into gas chromatography injection port for every sample.
Fatty acid determination
In order to determine the composition of fatty acids in the sample, a FAME analytical reference material as a mixture of C8-C24 (Supelco) was measured along with a coconut oil sample derivatized following the above method. Coconut fatty acid was used to verify the main fatty acids (Pontoh, 2016) . The reason for using two standard fatty acids was due to the FAME mix C8-C24 (Supelco) has been generated previously (Tanaty et al., 2016) and the present study of the fatty acid retention time had changed quite significantly. The individual fatty acid concentration was determined based on the external FAME mix standard (Tanaty et al., 2016) . In this case, fatty acid content in mg/mL was calculated as the peak area of the sample fatty acid divided by the related standard fatty acid times the concentration of standard fatty acid as supplier declared. The fatty acid concentration is expressed in average in both mg/ml and percentage of the content from three replicates.
RESULTS AND DISCUSSION

Chromatography analysis
The standard chromatogram of fatty acid methyl ester can be seen in both Figs. 2 and 3 . Figure 2 shows the fatty acid methyl esters from FAME mix C8-C24. In this figure, 14 peaks can be identified as fatty acid methyl esters; C-8:0, C-10:0, C-12:0, C-14:0, C-16:0, C-16:1, C-18:0, C-18:1, C-18:2, C-18:3, C-20:0, C-22:0, C-22:1 and C-24:0. These peaks can be assigned for methyl caprylate, methyl caprate, methyl laurate, methyl myristate, methyl palmitate, methyl palmitoleate, methyl stearate, methyl oleate, methyl linoleate, methyl linoleate, methyl arachidate, methyl behenate, methyl erucate and methyl lignocerate, respectively (Table 1) . Fig. 2 Chromatogram of FAME mix C8-C24 standard. Figure 3 shows a standard fatty acid methyl ester from coconut oil for further identification of the main fatty acids in fish oil. There is a slight reduction of the retention time of the FAME standard solution from the coconut and fish oil chromatogram due to the column degradation. There are significant differences in fatty acid retention times between the two chromatograms (Table 1 ). This is due to the generated times between the two standards are quite different. The FAME mix C8-C24 was run previously (Tanaty et al., 2016) , but the coconut oil fatty acids were run at the present time along with the sample fish oil fatty acids. It can be seen in Table 1 and Fig. 3 that the retention times of higher fatty acids (C-14:0 and higher) in coconut oil are decreased compared to that of the FAME mix C-4:0 -C-24:0). For the peak C-18:3, the different retention time was about 2 and half minutes. This result was due to the deterioration of the column over time (over a year). The chromatograms of fish oil can be seen in Figs. 4 to 7. The sequences of individual fatty acid were correlated to the standard FAME mix (Fig. 2) and the main fatty acids in fish oil were identified base on the retention time of fatty acids in coconut oil (Fig. 3) . The chromatogram of fatty acid methyl esters from tilapia (Fig. 4) shows the main fatty acids are oleic acid followed by palmitic and linoleic acid. On the other hand, the chromatogram of snakehead (Fig. 7) shows the reduction of oleic acid but increased for palmitic, linoleic and docosahexaenoic acid and eicosapentaenoic acid. 
Water content
The water content of the sample can be seen from Table 2 . The water content varies from 69.2 to 84.4%. These results are similar to the carp and catfish water content from India (Mohanty et al., 2016) , carp contains more water than catfish (77 and 75%, respectively). Catfish has the lowest water content and followed by carp and tilapia. The highest water content is observed on the snakehead.
Lipid content
Lipid content of the samples can be seen from Table 2 . The lipid content varies from 0.1 to 3.0%. Snakehead contains the lowest oil followed by tilapia. Catfish contains the highest oil followed by carp. Therefore, the catfish belongs to low lipid meat containing 2-4% oil concentration (Mohanty et al., 2016) , while tilapia, carp, catfish, and snakehead belong to the lean meat fish (Mohanty et al., 2016) . The snakehead belongs to the fish with very low oil content. Chasanah et al. (2015) reported that snakehead oil content depended on the growing environment of the fish. At wild environment, the oil content was 0.4% and in the cultured environment was 2.7%. As shown in Table 2 , the oil content of fish is related to the water content. The higher the oil content, the lower the water content. 
Fatty acid composition
The fatty acid composition of the selected freshwater fishes can be seen in Table 3 . The oleic acid is the highest fatty acids in tilapia, carp, and catfish. The snakehead contains moderate oleic acid. Palmitic acid is the second abundantly fatty acid in all sample freshwater fishes. The main fatty acid composition (oleic and palmitic acid) of carp oil is very close to the previous report in New Zealand (Vlieg and Body, 1988 ; 26% of oleic and 17% of palmitic in carp) and from Japan (Toyomizu and Tomiyasu, 1962 ; 28% of oleic and 17% of palmitic in carp), but slightly different from India (Mohanty et al., 2016) where the palmitic acid is the main fatty acid (35%) and oleic acid (17%).
Tilapia contained high oleic acid (39.7%) and palmitic acid (22.3%) but low in EPA (3%) and no EPA. These numbers are different from that reported ones by Ramli et al. (2015) that Tilapia contained very high in Palmitoleic acid (49.9%). These phenomena could be due to the difference in the source of fish. The main fatty acids in catfish are oleic acid and then followed by palmitic and linoleic acids. These findings are similar to the catfish fatty acids as reported from Bogor, West Java (Ngadiarti et al., 2013) , except the second abundantly fatty acid was oleic acid. The fatty acids from catfish from Japan (Toyomizu and Tomiyasu, 1962) were reported having high in oleic and palmitic acids, but it was also significantly high in DHA.
Catfish consisted of the highest oleic acid (42.2%) while the snakehead only contains 27.2% and the same amount of palmitic acid (26.9%). Snakehead contained a significant amount of EPA (7.3%) and DHA (11.0%). The fatty acid composition in snakehead has been reported contradictory. The highest number of palmitic acid content reported by Zurimi et al. (2006) and Muhamad and Mohamad (2012) , which was 30 and 22%, respectively, while Ramli et al. (2016) reported only 6%. On the other hand, Ramli et al. (2016) claimed that the palmitoleic acid in snakehead was high (26%). These data could be due to the differences in the fish samples that collected from different environments, but also could be due to the differences in analytical methods. Since Muhamad and Mohamad (2012) and Ramli et al. (2015) used a GC-mass spectrometer, it is expected that the fatty acids identification should be very accurate.
The fatty acid composition of snakehead in this experiment is quite different from the other fishes. Even though the oleic acid is still the highest percentage of fatty acids, it provides almost the same level to that of the palmitic acid. The almost equal number of linoleic, DHA and stearic acids are very different from the other fishes with fatty acid composition. These fatty acid contents are similar to those reported by Ramli et al. (2015) . This fish has significantly high content of EPA, which is very important for coronary disease prevention (Singh et al., 2016) . Table 3 Fatty acid composition in selected freshwater fish.
CONCLUSION
The main fatty acids in selected fish from North Sulawesi are oleic acid with the concentration of 27.2% for snakehead to 42.2% for catfish, palmitic acid with concentration from 22.3% for carp to 26.9% for snakehead fish and linolenic acid with concentration from 11.9% for snakehead to 22.5% for carp. Among the freshwater fishes, the snakehead fish has a unique fatty acid composition, it has a high concentration of docosahexaenoic acid (C22:6, DHA). 
